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A Model System of Reacting H2 and I2
by

Philip Rosen and Harold J. Morowitz

We will now consider a model system of reacting H2 and 12
at temperature T which is separated by a Knudsen barrier from
a similar system at temperature T + AT. This system will then
have the properties of chemical reaction and transport. The
system H2, 12 has been studied extensively from the point of view

of kinetics. The Knudsen barrier is useful to allow transport

without introducing derivatives with respect to distance. For
simplicity we take equal volumes of 1 liter on both sides.
be the con-

Let x Z

We consider the steady state. 1> Y15 Zq

centrations at temperature T of H2, I2 and éI respectively.

Similarly 1let X5, Yo and Z5 be the concentrations at T + AT.
The following six equations are necessary to calculate the

concentrations in the steady state:
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Here N is the number of 12 moles which 1s also to be taken as the

H2 moles initially. Also A, EA are the kinetic constants for the

11

forward reaction and A", A

the kinetic constants for the back-

ward reaction. The constant K depends on the Knudsen barrier

such that the number flow per unit area is % cv where ¢ is a con-

centration and Vv is the average molecular speed.

To simplify the algebra we shall linearize the equations

by assuming that we are close to equilibrium.
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Por lhe reaction studied Keq = % e_RT . We now let
Xl = Xeq + Axl R X2 = Xeq + Ax2 s yl = yeq + Ayl s y2 = yeq + Ay2 R

etc. Also we expand the exponential and square root by Taylor
expansion. Substituting into equations (1) through (6), we find

the following six equations:
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We shall see that in computing total energies either kinetic or
internal we shall need the sum of concentrations. In other words

we shall need the quantity az, + A22 which by algebraic manipu=
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For an exothermic reaction EA is'greater than EAI and o is a
negative number.

We wish now to calculate now a function L which is defined

as

L = (Kinetic Energy) - (Kinetic Energy)

upon isolation steady state
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* H
In our particular case ¢f 'I‘f is the final temperature which is

T + ATf we have (for a unit volume of one liter):
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. If we use Taylor expansions, we obtain:
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We must now evaluate the temperature ATf. Since the system is at
constant v@luﬁkwe use the total internal energy. Thus:
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AQ[2zf - (zl + Azl) - (22 + Azz)]

+ UX(T)(x1 + Axl) + UX(T + AT)(X2 + Ax2)
(16)

+

Uy(T)(yl + Ayq) + U (T + AT)(y, + AY,)

-+

U, (T)(z + 8zy) + U(T + A?Xzz + azy) .

Here AQ is the heat of reaction (positive for exothermic). The
fterm containing AQ can be written as:
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Again using Taylor expansions, we find for AT..
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Since o is negative for an exothermlc reaction we see that L must

be positive.

Numerical Evaluation

To evaluate-internal energies and kinetic energies, we
consider vibration uncoupled from rotation and assume simple

harmonic motion for vibration. For a mole we have
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hwo
where x = T W, = lowest frequency of oscilliator.

For kinetic energy of the vibration, we use a virial theorem

_ 1
argument and take Kvibration =5 U

vibration. If we take a tem-
perature of 300°K, we have XH2 = 21.15, XI2 = 10.289 and Xpp = 11.083.
Now looking at L = - o ATAQ for the H2 + 12 : 2HI reaction, we find

a = - 5.19 x 1077 2025 ang 4Q(300°K) = 2945 21

. If AT = 1°K
mole

n cal

L o15 —cc— .

If we have 2 moles of reactants per liter, we then have

v cal
L =175 mole

Thils quantity is an appreciable fraction of the heat of reaction

even for a one degree difference in temperature.




